Extensive evidence supports health benefits of cereal fibre, however globally no national intake data exists. This study aimed to determine estimates of intake and food sources of cereal fibre, and relationships to dietary fibre intake in an Australian sample population. A cereal fibre database was applied to dietary intake data from the 2011-12 National Nutrition and Physical Activity Survey (n ¼ 12,153). Usual intake based on 2-day intake data was weighted to infer population results. Median daily cereal fibre intake was 6.4 g/d (9.7 g/10 MJ/d) for adults (19-85 years) and 6.2 g/d (10.2 g/10 MJ/d) for children/adolescents (2-18 years). Individuals with the highest cereal fibre intake were more likely to meet dietary fibre recommendations than those with the lowest intake (males Q4: 17.1% Q1: 3.9%; females Q4: 20.3% Q1: 6.6%). Breakfast cereals, bread and bread rolls provided the most cereal fibre. This study provides first quantification of cereal fibre from all sources in an Australian national sample. 
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Introduction 52
The analysis of nutrient intakes within population-based surveys can offer insight into 53 relationships between consumption and markers of health, contributing to the evidence-base 54 to inform dietary guidelines. In order to quantify nutrient intakes, a food composition 55 database detailing the nutrient content of each food item consumed by all participants in the 56 survey is needed. For example, the AUSNUT 2011-13 database, developed by Food 57 cereal fibre. In fact, a 14-year follow up study of 367,422 participants found that participants 77 in the highest quintile of cereal fibre intake (10.22g/day) had a 19% lower risk of all cause 78 mortality and a 15-34% lower risk of disease specific mortality than those in lowest quintile 79 of intake (2.02g/day) (Huang et al. 2015) . 80
81
Despite these findings, to the knowledge of the authors, there are currently no studies 82 investigating total cereal fibre intakes from all food sources within a large sample. Previous 83 studies have considered cereal fibre intake as a summation of fibre sourced from foods 84 specifically within the cereal and grains food group. This neglects the contributions from 85 mixed foods and many foods with cereals, or even specific cereal fibres as additives. As such, Details for the specific phases and tools used are provided elsewhere (ABS 2013a). The 106 assessment included five phases to develop greater layers of detail and accuracy in the 107 answers provided. One day of data were collected for n=12,153 participants, with a second 108 24-hour recall repeated via telephone for n=7,735 participants, at least eight days after the 109 initial recall. As this study was a secondary analysis of data collected within the NNPAS, 110 permission was granted to utilise the ABS data. 111
112

Estimation of cereal fibre intakes 113
The cereal fibre content of each food item reported within the survey was calculated within 114 the expansion of the current AUSNUT 2011-13 Food Nutrient database. In brief, the cereal 115 fibre content was interpreted as fibre that is sourced from cereals grains and pseudo cereal 116 grains, whether intact or processed within food products, and can include cereal fibres that 117 fibre intakes based on data from both days of 24-hour recall assessments. The method 133 employs a three-step formula using two logistic regression models. The first model estimates 134 the individual probability of consumption of the nutrient and the second model estimates 135 intake on consumption days. The individuals' probability of consumption on any day (model 136 1) is then multiplied by the intake of an individual on a consumption day (model 2) to give an 137 estimate of usual consumption. The method takes into account gender and age within both 138 regression models, which are covariates assumed to be predictive for consumption. Further 139 details of the method have been described elsewhere (EFCOVAL Consortium 2011). Cereal 140 fibre intakes were deemed habitual for all respondents within the MSM model due to the 141 broad range of food products containing cereal fibre within the AUSNUT 2011-13 database. 142
MSM was also applied to energy (kJ/day) and total dietary fibres (g/day) intake data from 143 both days of the survey to obtain usual intake. These additional nutrients were deemed 144 necessary components in the exploration of cereal fibre associations. 145
146
For the analysis of cereal fibre intakes within this study, weighting was applied to the data in 147 order to infer results for the total Australian population at the time of the survey 148 (n=21,524,951). Weighting applied was previously calculated and assigned by the ABS for 149 use in the AHS data (ABS 2013b).
Reporting of nutrient-level data 152
Mean and median cereal fibre intake were reported by age, categorised using NRV age 153 groupings (NHMRC 2006), and gender. Values were reported both as absolute cereal fibre 154 intakes and cereal fibre intakes adjusted for daily energy intake (10 MJ/day) reported within 155 the survey. Adjusting for energy intake allowed for exploration of the relative cereal fibre 156 density of the diet, as absolute cereal fibre intake may be highly influenced by total energy 157 intake. 158
159
For further analyses of associations, NRV age groupings were dichotomised with participants 160 categorised into those aged less than 19 years (children and adolescents), and those aged 19 161 years or older (adults). Participants within each division were then categorised into quartiles 162 based on energy-adjusted cereal fibre intakes. 163
164
Statistical analysis comparing total dietary fibre intakes to cereal fibre intake in adults 165
All statistical analyses were performed using the Statistical Package for the Social Sciences 166 (SPSS version 21, 2009, Chicago, IL) software. The distribution of the cereal-fibre data were 167 positively skewed, however, due to the sample size, parametric tests were applied. Statistical 168 significance for tests was p<0.05. 169
170
Mean and median dietary fibre intake (g), as well as median energy intake (kJ) was 171 calculated between quartiles of energy-adjusted cereal fibre intake of adults. One-way 172 analysis of variance (ANOVA) and Bonferroni post-hoc tests were used to examine 173 differences in mean dietary fibre intake within each quartile. Eta squared, calculated as the 174 sum of squares between groups divided by total sum of squares, was used to calculate theeffect size. The effect size was interpreted based on Cohen's criteria (Cohen 1988), where 176 0.01 is considered a small effect, 0.06 a medium effect and 0.14 a large effect. 177
178
A chi-squared analysis was used to compare the proportion of respondents within each 179 quartile of cereal fibre that are meeting the AI values for dietary fibre, set at 25g/day for 180 females and 30g/day for males. Lastly, correlations were tested between energy-adjusted 181 cereal fibre intakes and total dietary fibre intakes, using uncategorised, continuous data. 182
Pearson's r correlation was used to assess effect size based on Cohen's criteria, where 0.1 183 indicates a small, 0.3 a medium and 0.5 indicates a large effect size (Cohen 1988) . 184
185
Reporting of food-level data 186
Unlike nutrient-level data, major food contributors of cereal fibres were reported using only 187 day-1 dietary intake data from the NNPAS. For these purposes of this study, day-1 data were 188 deemed suitable to provide a snapshot overview of food sources of cereal fibres. Weighting 189
was not applied to analyses at the food level, as the method was designed for scaling of 190 nutrient intakes. The proportion of total cereal fibre sourced from relevant major, sub-major 191 and minor food groups, as defined and categorised by FSANZ (2013c), was determined 192 between children and adolescents (2-18 years old) and adults (19 years and above), as well as 193 between quartiles of energy-adjusted cereal fibre. Foods were also coded as either core or 194 discretionary based on specific nutrient cut-off criteria outlined by the ABS (2013c). The 195 proportion of cereal fibre and the proportion of total intake from core foods were compared 196 between quartiles of energy-adjusted cereal fibre intake. 197
Results 201
Cereal fibre intakes in NNPAS 2011-12 202
At the time of the survey, median cereal fibre intakes were relatively consistent between all 203 NRV age groups ranging from 5.2 g-6.7 g/d (9.1 g-11.1 g/10 MJ/day) ( Table 1 reports 204 median and mean values). The reported median cereal fibre intake based on weighted data for 205 total children and adolescents was 6.2g/d (10.2g/10 MJ/day), and for total adults was 6.4g/d 206 (9.7g/10 MJ/day). The highest median cereal fibre (6.7g/d) was reported by persons in the 207 over 70-age group and in the 14-18 years age group. The lowest median cereal fibre was 208 reported by children aged 2-3 years (5.2g/d). However, once adjusted for energy intake, the 209 highest cereal fibre intake relative to energy was reported by those in the 4-8 years age group 210 (11.1g/10 MJ/day), while persons aged 19-30 years reported the lowest intake relative to 211 energy (9.1g/10 MJ/day). Both unadjusted and adjusted cereal fibre reported intakes were 212 skewed towards a higher intake, due to the 99 th percentile reporting greater than 17.3g cereal 213 fibre/day (22.4g/10 MJ/day). 214 215 Across all age groups, males reported consuming a slightly higher median amount of cereal 216 fibre than females (7.2g/d and 5.7g/d, respectively), however, it was apparent that males and 217 females reportedly consumed similar amounts (9.7g/10 MJ/day and 9.8g/10 MJ/day, 218 respectively) when the values were adjusted for energy intake. The minimum amount of 219 absolute cereal fibre reported was 1.3g/day and the maximum was 34.9g/day (1.6g-68.5g/10 220 MJ/day) at the time of the survey. 221
222
Associations to dietary fibre intake 223 Table 2 displays the trends between quartiles of energy-adjusted cereal fibre intakes and total 224 dietary fibre intakes. For both males and females, mean dietary fibre intake increasedsignificantly with each higher quartile of energy-adjusted reported cereal fibre intake. On 226 average, males within quartile 4 consumed 6.13g/day more total dietary fibre than males 227 within quartile 1, while females within quartile 4 consumed, on average, 3.78g/day more total 228 dietary fibre than females with quartile 1. The effect size was determined as medium for 229 males ( =0.10) and small for females ( =0.05). Correlations between energy-adjusted 230 cereal fibre intake and total dietary fibre intake indicated a medium positive correlation for 231 males (r=0.345, p=0.000) and a weak positive correlation for females (r=0.225, p=0.000). 232
233
For both males and females, the proportion of participants meeting the AI value for dietary 234 fibre increased with each higher quartile of energy-adjusted cereal fibre intake. In total 17.1% 235 of males and 20.3% of females within quartile 4 were meeting the AI, compared to 3.9% of 236 males and 6.6% of females in quartile 1 (all p<0.05). This means males in quartile 4 were 4.4 237 times more likely to meet the AI than males in quartile 1, while females in quartile 4 were 3.1 238 times more likely to meet the AI than females in quartile 1. 239
240
Sources of cereal fibre 241
On day one of the survey, participants reported consuming 1918 foods containing >0.1g 242 cereal fibre. Table 3 presents the contribution of each food group as a percentage of total 243 cereal fibre intakes amongst adults and children and adolescents. Among both adults and 244 children and adolescents, the majority of cereal fibres (69.8% and 62.3%, respectively) 245 consumed was sourced from the cereal and cereal products major food group. Within this 246 group, regular bread and bread rolls, as well as ready to eat breakfast cereals were the main 247 (minor) food group contributors of cereal fibre. With consideration of the minor food groups, 248 it is evident that adults were consuming more mixed grain breakfast cereals containing fruits 249 and/or nuts, whereas children and adolescents were consuming very little of these breakfast bread, instant noodles) even though these would be considered low fibre products, reflecting 252 the reasonably high consumption of such products. 253
254
The second largest portion of cereal fibres reported for both adults and children and 255 adolescents (23.3% and 27.6%, respectively) was the major group of cereal based products 256 and dishes. Other major food groups found to provide cereal fibre included meat products 257 and dishes, where cereal fibre was sourced mainly from crumbed chicken products; snack 258 foods, which included popcorn; and confectionery and cereal/nut/fruit/seed bars, where cereal 259 style bars provided a small proportion of total cereal fibres. The percentage contribution to 260 total cereal fibre intakes within these three groups was higher amongst children and 261 adolescents than adults. 262
263
Sources of cereal fibre between quartiles of energy-adjusted cereal fibre intake were also 264 considered. Both adults and children and adolescents within the highest quartile of adjusted 265 cereal fibre intakes (Q4, median intake 14.6g and 14.3g, respectively) were consuming the 266 highest proportion (79% and 72%, respectively) of cereal fibre from cereal and cereal-based 267 products, and the lowest proportion from cereal based products and dishes (17% and 19%, 268 respectively) on day 1 of the survey. In contrast, participants within the lowest quartile of 269 adjusted cereal fibre intakes (Q1, median intake 6.1g and 6.9g, respectively) were consuming 270 the lowest proportion (55% and 50%, adults and children and adolescents, respectively) of 271 cereal fibre from cereal and cereal-based products, and the highest proportion from cereal 272 based products and dishes (32% and 36%, adults and children and adolescents, respectively). 273
Participants within the lowest quartile of cereal fibre intakes were consuming 6% of total 274 cereal fibre from meat-based products and dishes such as crumbed and battered meatproducts, compared to these products contributing only 1% of total cereal fibre intakes in the 276 highest quartile of intakes. This reflects the low cereal fibre intake of quartile 1 in addition to 277 the poor food choices of this group. 278
279
Core food and discretionary food cereal fibre contribution 280
Among adults, core foods contributed 87% of total cereal fibre intakes, indicating that only a 281 relatively small amount (13%) of cereal fibre for adults was obtained from discretionary 282
foods. Children and adolescents reported 80% of total cereal fibres from core foods on the 283 day of the survey, indicating a slightly higher contribution (20%) from discretionary food 284 sources. The main discretionary sources of cereal fibre for both adults and children and 285 adolescents were from the pastries minor food group (26% and 16% of total cereal fibre from 286 discretionary foods, respectively), as well as cakes, muffins, scones and cake-type desserts 287 minor food group (16% and 13%, respectively). The corn snacks minor food group and the 288 muesli or cereal style bars minor food group were also significant sources among children 289 and adolescents only, providing 10% and 14% of cereal fibre from all discretionary sources, 290
respectively. 291 292
The proportion of total cereal fibres from core foods increased linearly for participants within 293 each higher quartile of energy-adjusted cereal fibre intakes. On day 1 of the survey, core 294 foods contributed to 92% of adult and to 87% of children and adolescent total cereal fibre 295 intakes within the highest quartile (Q4) of adjusted intakes. Adults and children and 296 adolescents within the lowest quartile (Q1) obtained 77% and 72% of total cereal fibre from 297 core foods, respectively. 298 A similar pattern was found, whereby subjects within the highest quartile of cereal fibre 300 intake (Q4) consumed the highest proportion of core foods in general. Core foods comprised 301 87% of Q4 adult and 86% of Q4 children and adolescents total reported intake on day 1 of 302 the survey. In contrast, core foods contributed 74% of intakes in both adult and children and 303 adolescents within the lowest quartile of reported cereal fibre intakes (Q1). 304
305
Discussion 306
The present study reports an estimation of the usual cereal fibre intakes of Australians based 307 on two days of dietary intake data from the 2011-12 NNPAS. Furthermore, it details main 308 food sources of cereal fibre consumed by participants on day-1 of the survey, and presents an 309 analysis of how usual cereal fibre intakes may be associated with total dietary fibre intake. To 310 the knowledge of the authors, this study provides the most comprehensive analysis of cereal 311 fibre intake in an Australian population, which can be used as a baseline to review 312 comparisons in cereal fibre and cereal foods with health data. 313
314
This study found reported cereal fibre intake was relatively consistent among all groups. The 315 median intakes of cereal fibre were 6.2g/day for children and adolescents and 6.4g/day for 316 adults, equating to roughly 2-3 slices of wholegrain bread, or 2 cups of cooked brown rice. 317
Participants within the 4-8 year age group and the over-70 years age group were reportedly 318 consuming the most cereal fibre, relative to energy intake. After adjusting for energy intake, 319 children and adolescents reportedly consumed slightly more cereal fibre than adults, and 320 female adults consumed slightly more cereal fibre than male adults. 321
322
There are limited studies that have analysed cereal fibre intake to directly compare these 323 findings with. Furthermore, past studies that have analysed cereal fibre intakes consideredcontributions only from cereal foods, excluding a significant portion of cereal fibre that may 325 accumulate from non-cereal food sources. The ABS (2016) recently published findings from 326 the 2011-12 NNPAS, comparing consumption of food groups within the survey to the 327 Australian Dietary Guidelines recommended servings. The findings from the ABS report that 328 on average, 30% of Australians were meeting core cereal food group serve recommendations. 329
The over 70-year age group had the highest proportion of participants meeting core cereal 330 serve recommendations. Furthermore, within the report "whole grains or high fibre" varieties 331 made up over half of all grains (55%) consumed by persons aged 71 years, compared to an 332 average of 34% across all participants. As persons in the over-70 year age group were 333 reportedly consuming a higher quantity of cereal products relative to their energy needs, as 334 well as more whole grain and high fibre varieties, it is not unexpected that they would 335 inherently be consuming more cereal fibres. 336
337
Within the present study, for adults and children and adolescents, bread and bread rolls, and 338 ready-to-eat breakfast cereals (RTEC) were the most commonly consumed sources of cereal 339 fibre. It is interesting to note that those participants within the lowest quartile of energy 340 adjusted cereal fibre were still consuming some cereal products and dishes, such as bread and 341 RTEC, but were receiving proportionately less cereal fibre from them. This suggests that 342 persons within the lowest quartile of cereal fibre are eating less of these products, but are also 343 more likely choosing the refined cereal products, which would provide significantly less 344 cereal fibre. They also accumulate proportionately more cereal fibre in small amounts 345 through consumption of discretionary foods such as crumbed meat products, pastries, and 346 cakes. These products do not contain a large amount of cereal fibre but rather a lack other 347 significant sources of cereal fibres, which distorts the proportions, making the contribution 348 seem more significant.
An average cereal fibre intake of 6.4g for adults, accumulated from both core and 351 discretionary food sources, suggests that Australians are most likely not eating enough cereal 352 foods, but are also choosing lower fibre, refined variety choices. This is further supported by 353 the ABS findings that 66% of core cereal foods reported within the survey were not "whole 354 grain or high fibre" varieties. A possible mechanism to address low reported cereal fibre 355 consumption may be through encouragement of higher quality cereal foods choices. NHANES What We Eat in America report (2016) shows that average dietary fibre intakes for 376 US persons over 2 years was 16.3g/day. As cereal fibre appears to be a significant factor in 377 total dietary fibre intakes, encouragement of higher fibre cereal foods may be a key target to 378 increasing intake of total dietary fibre among Australians. This is supported by a previous 379 study by Reicks et al. (2014) , which found that whole grain, high fibre cereal foods made a 380 significant contribution to total dietary fibre intake in adults and children. 
Conclusion 396
This study provides the first quantification of cereal fibre intake within Australia at the time 397 of the study. The study indicates that while Australians are consuming cereal foods, the 398 choices they are making are likely more refined, lower-fibre varieties, evident by low cerealfibre intake. This suggests future focus within public health messaging should include 400 strategies to increase consumption of higher fibre, whole grain cereal products. As there is no 401 distinct group consuming considerably less cereal fibre than others, males and females of all 402 ages are suitable targets for communication and education strategies. 403
404
As bread and ready to eat cereals were commonly consumed sources of cereal fibre within 405 this study, encouragement of higher fibre bread and cereal choices may be an effective 406 strategy to achieve a higher cereal fibre intake. This may also contribute significantly to an 407 increase in total dietary fibre, as persons with diets highest in cereal fibre tended to have 408 significantly higher total dietary fibre intakes. Table 1 Median (IQR) 6.9 (5.3-8.6) 5.7 (4.5-6.9) 6.1 (4.9-7.7) 10.9 (8.8-13.1) 11.1 (8.8-12.8) 11.1 (8.8-13.0) Mean 7.2 5.9 6.5 11.1 11.0 11.1 9-13 (n=787, 6.5%) Median (IQR) 7.1 (5.5-9.4) 5.7 (4.5-7.5) 6.5 (5.0-8.3) 10.2 (8.0-12.8) 9.2 (7.7-11.7) 9.6 (7.9-12.1) Mean 7.8 6.1 6.9 10.7 9.7 10.2 14-18 (n=772, 6.3%) Median (IQR) 7.5 (5.6-9.9) 5.9 (4.4-7.1) 6.7 (4.9-8.7) 9.7 (7.5-12.5) 9.8 (7.8-11.8) 9.7 (7.7-12. Median (IQR) 7.3 (5.5-9.8) 5.5 (4.1-7.2) 6.3 (4.7-8.5) 8.9 (7.4-11.7) 9.3 (7.5-11.4) 9.1 (7.4-11.5) Mean 7.8 6.0 6.9 9.6 9.8 9.7 31-50 (n=3565, 29.2%) Median (IQR) 7.2 (5.4-9.6) 5.6 (4.1-7.5) 6.4 (4.6-8.6) 9.4 (7.3-11.9) 9.6 (7.3-11.9) 9.5 (7.3-11.9) Mean 7.8 6.1 6.9 9.9 10.0 9.9 51-70 (n=2906, 23.9%) Median (IQR) 7.1 (5.1-9.6) 5.8 (4.4-7.6) 6.3 (4.6-8.5) 9.7 (7.4-12.7) 10.0 (8.0-12.6) 9.9 (7.6-12.7) Mean 7.8 6.3 7.0 10.3 10.6 10.5 >70 (n=1278, 10.5%) Median (IQR) 7.5 (5.7-9.7) 6.1 (4. 
